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Abstract:

Reticular groove closure in ruminants is a primary mechanism, almost exclusive of
lactating animals, which makes the passage of food from the orifice of cardia to the
abomasum possible, thus avoiding unwanted fermentations in rumen and reticulum. In
this review It is described some anatomical and physiological aspects of the reticular
groove, given its embryonic and postnatal development, its topographic location,
structure, innervation, blood circulation and histology. Also describing the techniques
used to study its functioning, both direct and indirect methods. Finally there is a
concentrate on handling techniques to manipulate closing reflex of reticular groove and
its veterinary applications, in both the stimulation and inhibition, since the possibility to
control this reflex is of great interest in the oral administration of various drugs, the
treatment of certain diseases, as well as a better utilization of some types of food.
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Introduction

This review has been divided into two parts. Firstly, a brief review is made of some
anatomical and physiological aspects of the reticular groove in ruminants, as well as the
techniques used to study the functioning of the reticular groove closure reflex. In the
second part, those aspects that may stimulate or inhibit the reticular groove reflex, and
the manipulation techniques of this reflex, as well as their applications in veterinary
medicine.

Gastric groove is an anatomical structure, located in the stomach of ruminants. It extends
from the orifice of cardia until near the pylorus, through the lesser curvature of reticulum,
omasum and abomasum. It is divided into three segments: reticular groove (Sulcus
reticuli), omasal groove (Sulcus omasi) and abomasal groove (Sulcus abomasi)-3). While
some authors only consider two structures: the reticular groove and the omasal groove,
ranging from the cardia to the omasoabomasal orifice.

Various names have been used for this structure, such as reticular leak, gastric groove,
gastric channel, oesophageal channel or oesophageal fluting. The scientific nomenclature
represented by the Nomina Anatomica Veterinaria® includes the Latin term "Sulcus
reticulari”.

The mechanism of the oesophageal groove is a primary, almost exclusive of lactating
animals; which provides ruminant animals the possibility of a physiological gradual
adaptation from monogastric to ruminant stomach. When stimulated, muscular tissue
contracts, adopting a hollow structure forming a duct along the wall of the reticulum,
which connects the esophagus (cardia) to the reticulo-omasal orifice®. The reticulo-
omasal orifice remains open allowing the flow of milk®™, which is of great interest in
new born animals, as it allows the colostrum and milk to pass directly to the abomasum,
without falling into the rumen and reticulum, thereby preventing abnormal fermentation.
In the early hours of the beast, this powerful reflex allows immunoglobulins from
colostrum to pass into the duodenum, where thanks to the high permeability of its mucosa
it will be quickly absorbed in order to develop passive immunity that protects the animal
from pathogens coming to its digestive tract. Besides, the high energy value of colostrum
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will provide sufficient energy to the animal to combat possible hypothermia and, since it
has a high content of magnesium, with laxative action, it will help to expel meconium and
facilitate the start of intestinal transit®®, The activity of the reticular groove decreases
after weaning and as the age of the animal advances, but can be triggered under certain
conditions in the adult animal®©.

Anatomical review

Embryology

The ruminant stomach represents the highest evolutionary development of all mammal
species9, It originates from a fusiform dilatation of the primitive gut of the embryo,
called primitive stomach. From the lesser curvature derives the reticular, the omasum and
the abomasum grooves. Conversely, from the greater curvature derive the rumen,
reticulum and greater curvature of abomasum®.

Differentiation of the reticular groove is early in sheep and goat and latter in cattle,
showing in this last case at eight weeks of embryonic development. Molinari and
Jorquera®® report that the onset of the leak in the foetuses of ruminants is simultaneous
with the differentiation of the rumen and reticulum rudiments. Accordingly, the rotations
experienced by these rudiments will affect the reticular groove, passing from a foetal
position parallel to the axis, in the right reticular wall, to take a vertical orientation. Thus
its forms an angle of 50° with the main axis, developing finally a spiral structure of 180°.

Postnatal development

After birth, proventriculus development depends on the animal feed. At the beginning of
the life of the ruminant abomasum size is slightly larger than all the proventriculus.
Subsequently when diet begins to be solid, these rapidly increase their size. This
development can be divided into three stages®?).
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— From birth to 3" week of life, the animal is considered a "non-ruminant" because its
diet is exclusively dairy. High blood glucose is due to absorption of nutrients (glucose)
intestine, and hence the carbohydrate metabolism is typical of a "non-ruminant™.

— Between 3 and 8 wk of life it is considered a transition period. The animal eats small
amounts of solid food. Blood glucose decreases and the plasma concentration of volatile
fatty acids increases, similarly to the levels of the adult animal.

— An 8-wk-old animal will be considered as a "true ruminant”. This does not occur in
those cases when an animal continues exclusively breastfeeding, in which case the
proventriculus remain rudimentary till 14 or 15 wk of age (Figure 1).

Figure 1: Reticular groove. 1: oesophagus, 2: left lip, 3: right lip, 4: cardia, 5: reticulo-
omasal orifice, 6: reticular fundus, 7: ruminoreticular fold, 8: abomasum 9: rumen
(Figure taken from Pochén, 2002).
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Topographic location

The reticular groove is located in the area formed by the intersection of two imaginary
lines. The first, vertical, extends, from the eighth thoracic vertebra to the costochondral
junction of the left seventh rib. The other, horizontal, connects the middle third of the left
seventh rib and right seventh rib. It is located between the seventh and ninth left rib and
the rumen is internally in contact with the rumino-reticular content®?,
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Structure

The gastric groove consists of three different parts. The first is the "reticular groove"
which is formed by two longitudinal muscular folds or relieves, called right and left lips,
and the sulcus of gastric groove. It starts in the cardia, descends in spirals across the lesser
curvature of the reticulum (right wall) in caudal direction to the left, continues
dextrocaudally to the reticulo-omasal reversing in turn the position of both lips. The right
lip describes a rotation around the left one, in clockwise direction; to return back to its
initial position to the right, taking the muscle fibers a corkscrew disposition*?).,

From the reticulo-omasal to the omaso-abomasal orifice the gastric groove is called
"sulcus of omasum®. It runs through the lesser curvature of the omasum. This sulcus is
interrupted by a transverse fold (omasum pillar) formed by the convergence of circular
muscle fibers that reinforce the omaso-abomasal orifice. The "abomasal veils" mucosal
folds of transition, extend from the abomasum to the fore mentioned pillar. In bovine they
are lined by tegument from the omasum, while in sheep, both abomasal and omasal face
veils are fully glandular 2. The last portion of gastric groove is the "abomasal groove"
which runs along the lesser curvature of the abomasum, without ridges and ending at the
pyloric part®.

Innervation of the gastric groove

The control mechanism of the reticular groove is not entirely clear. It is believed to be
due to the interaction between a central control and a local control®*213), Central control
of motility occurs via the vagus nervel*3l. Local control can be attributed to the myenteric
plexus, but the function of this plexus is little known®®),

In general, the innervation is provided by the parasympathetic and sympathetic divisions
of the autonomous nervous system. The parasympathetic division, efferent innervation of
the stomach, consists of the ventral and dorsal vagal trunks, which accompany the
oesophagus through the hiatus“?. This efferent branch has excitomotor effects on the
reticular groove and inhibitors of the motility of the rumino-reticulum®,

The afferent trigeminal nerve, whose stimuli are albumin, glucose and minerals in milk,
copper in ovine and sodium in bovine, reinforced by cortical afferents and the effect
produced by suction®®. The trunks of the vagus nerve include viscerosensitive and motor
afferent fibers, which will intervene in gastric reflexes through medullary centers, which
in turn are influenced by the cerebral cortex and hypothalamus®?). Schenk-Saber et al®®)
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have shown that in adult goats and sheep the afferent nerve endings are highly developed
in the lining of the reticulum, near the left lip of the reticular groove. These endings, rod,
button or arrowhead-shaped, receivers are very important in regulating food passage and
intake.

Various biologically active peptides, including the vasoactive intestinal peptide (VIP),
have been found in neurons of the digestive tract of ruminant’s newborns and adults. It is
believed that VIP plays a role in mediating non-adrenergic and non-cholinergic relaxation
of reticulo-omasal orifice and the abomasum during the act of sucking™!?. This is
accompanied by an increase in the concentration of VIP in the gastric and intestinal
venous blood™. Reid et al” found that an arterial infusion of VVIP produces a relaxation
of the reticulo-omasal and omaso-abomasal orifice, similar to that produced during the
act of suckling®?.

Blood supply

The blood supply of the stomach of ruminants, comes from the celiac artery, which is
divided into various main branches. Gastric furrow irrigation is provided by the left
gastroepiploic artery, reticular accessory artery and reticular branches of the reticular
artery (coming from the left ruminal artery). Dorsal and ventral arteries of the reticular
groove originate from the reticular artery; supplying the two lips of reticular groove. The
veins run parallel to the arteries and drain into the portal vein. The splenic vein, important
branch of the portal vein, assures the drainage of the reticular groove. Blood vessels are
accompanied by right, left and cranial ruminal lymph node chains, which sometimes may
be missing. Auxiliary lymphatic organs are nodes located above the bottom; there are
reticulo-omasal and the atrium nodules as well@.

Histology

According Pochon®? the structural constitution of reticular groove walls comprises four
layers:

— Serous tunic, composed of connective tissue (collagen and elastic fibers) covered by
mesothelium.
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— Muscular layer of mixed origin (smooth and striated). On the lips of the groove the
muscular tissue is smooth with its fibers arranged longitudinally”., On the ground there
are two layers of muscle tissue: the outer layer consists of smooth and striated fibers in
longitudinal arrangement and the inner layer comprises only smooth muscle and its fibers
are arranged perpendicularly to the longitudinal axis of the groove. The myenteric plexus
is located between the two layers®17),

— Submucosal tunic, consisting of connective tissue (collagen and elastic fibers), where
the submucosal plexus is located®.

— Mucosal layer, composed by a stratified squamous epithelium, the muscularis mucosa
and lamina propria. It has longitudinal folds on the lips, and its epithelium is darker and
folded. Unguiculiform papillae, thick conical buds, with cornified epithelium, slightly
curved and even twisted from the base, are found near the reticulum-omasal orifice@?.

The existence of mucosal glands, especially in adult animals, and serous and mixed type
in pre-ruminants (newborns) has been demonstrated.

Reticular groove physiology

Ruminants begin life similarly to monogastric animals in all matters referred to digestion,
absorption and metabolism of the main nutrients. Thus, the drink consumed to pass
directly to the abomasum, preventing its penetration in rumino-reticulum®®, where the
processes of coagulation of casein by rennet action are produced. The transition from the
abomasal contents, in a first moment liquid moment, and subsequently solidificated, is
slowed so as to allow the action of pepsin and lipase enzymes to reduce protein and lipid
to a more suitable form for intestinal digestiont*%!¥). Alterations in the function of the
reticular groove make lots of milk falling into a still immature rumen cavity which will
cause significant digestive disturbances short and/or long-term®®,

The motility of the reticular groove is initiated by the contraction of smooth and striated
fibers of the muscular layer by two movements. The first one, shortening, occurs by
joining the right and left lip, allowing direct passage of 30 to 40 % of the liquid volume
to the abomasum. The closure is completed with a wave of investment in rotation around
the axis that runs along the length of the right lip, allowing the passage of 75 to 90 % of
liquid ingested to the abomasum. The reflex of the reticular groove also acts on other
organs, being accompanied by transient inhibition of the reticulum and rumen
contractions during breastfeeding action®>"), expansion of the reticulo-omasal orifice,
opening omasal groove and abomasal distention®19),
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Denac et al™ studied the effect of vasoactive intestinal peptide (VIP) in muscle fibers
incubated in an organic solution derived from the reticular groove, reticulo-omasal orifice
and omasal cannel in calves and adult cows. Mechanical muscular activity was quantified
by isometric and isotonic transducers. They noted that a relaxation of the longitudinal and
circular muscle fibers of the reticular groove occurred, with lowest effect on adult cows,
possibly by an involution of specific VIP receptors in the muscles of the reticular groove.
Muscle relaxation of the reticulo-omasal and the longitudinal and circular fibers of omasal
channel orifice in calves are also produced, the latter being less sensitive to the VIP than
those of the reticular groove. Finally they concluded that VIP plays a role in the function
of the reticular groove especially in the lactating calf, as an inhibitory, non adrenergic and
non cholinergic transmitter.

Triggering the closure reflex of the reticular groove can occur by central or peripheral
stimuli®. The reflex is initiated by the action of sucking and drinking, by stimuli
produced by the sight of a bottle or food preparations. They do not seem to be affected
by neither the type of liquid (water, whole milk, skim milk or whey), nor by the
temperature of the milk, nor by the position taken during suction®. The reflex comes
exclusively from the abomasum®. Contrary to this conclusion, Pochon®® highlights that
the temperature of ingested fluid plays an important role in the closing reflex of the
reticular groove, being the response more effective when the fluid is offered at body
temperature.

The afferent fiber comes from the posterior region of the oral cavity after stimulation of
oral and pharyngeal receptors activated by mechanical stimuli and certain substances,
including some milk components®?. These stimuli are transmitted to the bulbar nucleus
via trigeminus nerve. The efferent pathway is formed by cholinergic parasympathetic
fibers of the abdominal dorsal vagus nerve that acts stimulating reticular groove lips and
inhibiting the motility of proventriculi®®. When the pharyngeal receptors are not
activated properly food is transferred to rumen and reticulum®. In the adult animal this
reflex, which is vestigial, can be triggered under certain conditions as after severe water
deprivation, dehydration or increased plasma osmolality®Y. In response antidiuretic
hormone is secreted from the neurohypophysis, causing the reticular groove closure. So
when the animal drinks water, it goes directly to the abomasum and small intestine to
promote its rapid absorption, bypassing the reticulum and the rumen®),

The central nervous influence is demonstrated by the ability of conditioning this reflex
by viewing, for example, a bottle in an adult animal®?. Thus the persistence of this reflex
in the adult animal depends on its handling.
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Techniques for studying how it works

The attitude of the animal when it extends the neck, shakes its tail and shows an evident
satisfaction when suckling vigorously, can give us an idea of progress in the reflex.
There are multiple experimental methods to study the functioning of the reticular groove
in ruminants. A simple classification can be made into direct and indirect methods.

Direct methods

They are those that enable the study of the reticular groove by direct observation from
outside the animal. Wester®® performed a surgical window on the left abdominal wall
and the rumen calling it "ruminal fistula”. Through this and by direct palpation of the lips
of the groove their functioning can be perceived. The aid of a speculum and a light bulb
enable a direct observation of its movements(®25),

Laparoscopic techniques. Endoscopy equipment has been used for displaying behaviour
of reticular groove in ruminants. This entails making a ruminal fistula, introducing the
endoscope fiber optic, and performing the extraction of residue content in the rumen and
reticulum (by vacuum pumps or suction) to facilitate visibility of the reticular groove.
Cinotti and Gentile®” and Gonzalez-Montafia et al®® have visualized the stimulation of
reticular groove though this method.

Indirect methods

They are based on tracking a known substance after being administered to the animal,
which will make it possible to estimate the behaviour of the reticular groove.

= Animal sacrifice. It is the oldest known method, which consists in the administration of
milk and subsequent slaughter of the animals to inspect the contents of the organs®.,

= Use of coloured substances. Substances like methylene blue and eosin have been used,
to stain the food and in turn the mucosa of the affected organs®®®. Ross® describes the
distribution of coloured solutions in the proventriculi and abomasum after necropsy. Also,
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it is possible to consider how long the dye takes since its intake from food to appearance
in stool. It has been found that the dye passed through the reticular groove could be found
in stool within 12 hours after being ingested, however this period was lengthened when
it fell in the rumen and reticulum.

* Ruminal fistula and sampling of its contents. It consists in providing a liquid with a
marker substance in order to observe its presence or absence in the rumen depending on
the state of the groove. It also enables the removal of fluid entered through the rumen
fistula®Y. Mikhail et al®® and Gonzalez-Montafia et al®® used methylene blue as marker
dissolved in water orally administered to animals.

= Abomasal fistula. This surgical technique also allows inspection of the path followed
by food. If the reticular groove closure occurs, liquids administered to animals are
immediately obtained through the abomasal fistula®®.

= X-Ray and contrast agents. It is an old method but today it is still used. X-rays, mainly
laterolateral, are taken after ingestion of liquid food with a radio-opaque (barium
sulphate) dye to evaluate the performance of the reticular groovet33%2:33),

At present solid radiopaque markers are used (polyethylene spheres of 1.5 mm diameter
impregnated in barium "BIPS") as a contrast medium in the fluoroscopic proventriculi
and abomasum of sheep®*. These spheres are often used in companion animals in the
diagnosis of gut motility disorders and intestinal obstructions. Poppi et al®® established
a critical particle size of 1.2 mm in diameter, above which they cannot pass to the omasum
and abomasum.

* Level of blood glucose and xylose. This method is based on the administration of food
with glucose and determination of glucose or xilosemia in a blood plasma sample®®. The
amount of glucose administered varies among different authors, Encinas et al®” used a
glucose concentration of 0.625 g/kg BW, unlike others® using approximately twice the
dose of glucose solution (1 g/ml/kg BW). If the reticular groove closure occurs food is
directly absorbed from the abomasum in no more than 30 to 60 min, the glycaemia peak
appearing 60 to 90 min after ingestion. On the contrary if the glucose enters the rumen, it
will be degraded by the microflora to volatile fatty acids, increasing slowly its
concentration in plasma®°3338.39 gSome works estimate that the reticular groove closes
when the glucose peak appears in blood between 5 to 15 min postadministration(@®37),

Sargison et al®¥ suggest that the use of glucose and xylose as markers may be incorrect
due to the effects of stress management on the concentration of carbohydrates. Test of
xylose absorption was performed to assess the degree of closure of the reticular groove
after administration of copper sulphate in sheep. It is based on stimulating the groove and
then the application by catheter of D-xylose (0.5 g/kg BW). If the closure appears it will
cause an elevation of concentration of xylose in blood®®). When xylose is directly applied
into the rumen through a rumen fistula, it is fermented and is not detected in blood, but
in cases when it was administered orally in the absence of reflex in the groove, the xylose
solution reached the reticulum and rumen and near the reticulum-omasal orifice, went to
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the omasum, abomasum and intestine from which it was absorbed®®. Stimulation of the
reticular groove causes that when oral administration by catheter 500 ml of a 10% glucose
solution takes place, a significant increase in blood sugar occurs, which is found in blood
samples taken at 15 min post-application®®. However, this increase is very small when
stimulation of the reticular groove has not been successful.

= Electromyography. It is based on the implantation of electrodes into the muscular wall
of the proventriculi, and the detection, amplification and recording of the action potential
generated by the smooth muscle fibers. After stimulation of reticular groove, motility of
the rumen and omasum ceases, by contrast the reticulum has small shocks®®.

= Determination of strontium and chromium. Strontium chloride (SrCl2) and chromic
oxide (Cr203) are two markers that, when taken with liquid food, are soluble and its
concentration can be determined both in the rumen contents (strontium) and organ
mucosae (chrome). Hedde and Ward®Y used strontium (5 mg/kg BW) to evaluate the
effectiveness of "ruminal bypass™ in calves using various routes of administration.They
noted that the reflex of groove was complete in bottle-fed animals and strontium was not
detected in rumen samples. However, in those calves receiving strontium in drinking
water recovery from the rumen of this substance was complete.

* Implantation of thermocouples. It is based on the use of thermocouples catheters housed
by laparotomy in the rumen and in the abomasum to measure the temperature with a
temperature sensitive device. When the reticular groove closure occurs, a variation in
temperature is detected before in the sensor housed at abomasal level than at the one
implanted in the rumen@,

= Test based on the detection of carbon 13 of octanoic acid excreted in breath. It is based
on identifying a substance with a known reaction, through an enzyme that generates the
reaction, wherein as a final part is released *CO2, which diffuses to the blood, is
transported to the lungs, and are exhaled through the expired air. Samples are taken from
this air to be later measured in an isotope ratio mass spectrometer®®.

Manipulation of the reticular groove and its use in veterinary medicine

Introduction

The closure reflex of the reticular groove in young ruminant prevents dairy food from
passing through the rumen and reticulum, and ensures it goes directly through the
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reticulo-omasal orifice to the abomasum (Figures 2 to 5). Knowledge of physiological
factors, as well as the possible pharmacological manipulations of reticular groove reflex,
both to stimulate it or to inhibit it, are of great interest in oral administration of certain
drugs, in their use for treatment of certain internal diseases, and even in the better use of
some foods in adult ruminants as well as in lactating ones®%49).

Figures 2 to 5: Extremity of the reticular grooves seen by rumen endoscopy performed
on the left flank of the sheep. Figures 2: semi-open sphincter. Figure 3: closed sphincter.
Figures 4 and 5: closed sphincter and with slight mucosal prolapse.

Figure 2 Figure 3

Figure 4 Figure 5

Handling techniques
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For many years, the effects of diet and management on the reflex of the reticular groove,
especially in calves, have been studied. According to most researchers, suction is the most
important stimulus as it is considered to cause the closing reflex of the reticular groove®?,
"The passage of liquid drunk from a bucket to the abomasum by calves is determined
neither by temperature nor composition of the liquid nor by the position of the animal
while breastfeeding, not by the act of suckling itself; but it is a result of the action of a
kind of behaviour that accompanies the act of suckling"®2.

Conditioning reflex

There are many experiences that suggest that the reflex can be conditioned to a variety of
circumstances. The final proof that the reticular groove can be functionally conditioned
was obtained when a liquid substance deposited directly into the back of the mouth and
pharynx, where there are a number of nerve receptors are found, entered into abomasum,
on the condition that the animal should receive visual and auditory stimuli of utensils and
equipment used during the regular feed of young ruminants, perhaps olfactory stimuli
also influenced®). However, when these stimuli did not exist the liquid reached rumen
and reticulum®Y),

The strong excitation following the view of the bottle in a conditioned subject, such as an
adult sheep, is enough to double or triple the volume of fluid collected from an abomasal
fistula after administration in the lower oesophagus. The electromyogram indicates that
an effective closure of the reticular groove is produced®?. These results show that the
sucking behaviour can be triggered by other stimuli than these of oropharyngeal origin,
and its autonomous components do not correspond to more or less complete closure of
the reticular groove. In the same line other researchers argue that induction of reticular
groove closure, in milk-fed calves, requires a series of determinants, including the drunk
fluid must be in contact with the local receptors of the pharynx, which should be
consumed voluntarily by the animal, which must not have offensive odour or taste, and
the general condition of the animal must not be altered“?43), When any of these factors is
not met, the reticular groove closes incompletely, resulting in passage of the milk into the
rumen and reticulum, where it is fermented by local microorganisms®“®.

Therefore, in some diseases this reflex may be altered, so in lactating animals there may
be a failure of the afferent pathway of reflex due to a pharyngitis, the presence of
oropharyngeal abscesses®® or infections in the larynx*®. In calves under 14 d old
affected by acute catarrhal enteritis non-closure of the reticular groove was observed in
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11.2 % of the animals, dying 11 of the 249 patients. It was possibly due to a ruminal
acidosis, due to the increased butyric acid and lactic acid fermentation or vice versa,
which can cause neonatal diarrhoea by dysfunction of the reticular groove in milk feeding.
These calves had marked dyskeratosis lesions of the ruminal mucosa®®.

It seems that a calf or lamb needs to be in a situation of comfort, without stressful
situations, for the proper functioning of the stimulus in reticular groove. So it is not
surprising that a forced feeding (by catheter or bottle applied to the animal's mouth)
uncomfortable for the animal, which can halt stimulus, and cause liquids to pass to
reticule and rumen. However, in those animals that feed directly from the mother’s nipple,
or from a bottle nipple the act of suckling may be considered as the most important
stimulus in the closing reflex of the reticular groove®®224, and even a mechanical
stimulation by the nipple or pacifier can also contribute®?.

Place of administration of liquids

There are many investigations in which it has been shown that when some substances are
administered using an oesophageal tube the reflex of the reticular groove closure can be
inhibited(t®2029:33) Both @rskov and Benzie®* and Van Weeren-Keverling Buisman
et al® cite that as early as in 1951 Comline and Titchen® pointed to the nervous
receptors located in the mouth and pharynx as responsible for the closure of the reticular
groove.

Chapman et al®® found, a more effective treatment when large amounts of fluids are
administered to dehydrated calves. In calves to whom various solutions were
administered by an oesophageal catheter, it was found that the reticular groove did not
lock, even after administering solutions of sodium bicarbonate, copper sulphate and
guanidine hydrochloride. However, when commercial glucose solutions, amino acids and
electrolytes in significant amounts, at least 2 liters, were applied there was a significant
increase in blood glucose. Therefore, the results of this study suggest that the fluids
intended to be absorbed in the intestine can be advantageously administered using a
oesophageal tube, even if the reticular groove closure does not occur, provided that it
implies a considerable amount®?.
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Characteristics of the fluids administered

The stimulation on oropharyngeal and lingual receptors has been attributed to protein and
milk salts, which trigger the reflex of reticular groove closure®?. There are many
examples of investigations that have worked with fluids of different nature to cause
effective closure of the reticular groove®#14548)  The milk supplied at different
temperatures and under the same management routine, can effectively stimulate the
reticular groove, but the response is more intense when milk is offered at body
temperature. Also water orally administered at body temperature is able to cause a partial
closure of this structure, though cold water fails to stimulate reflex!?). Some research has
shown that water can be recovered from the abomasum, after passing through the reticular
groove, when experiences are made in conditioned animals who have been by previously
accustomed to suckle from a bucket. So it appears that the conditioned reflex is probably
more important than the nature of the administered liquid(10-154%:444547),

Pochon®, cites that Hegland et al in 1957“9, concerned about the effects of diet and
management, studied the destination of various fluids, such as whole milk, reconstituted
skimmed milk, reconstituted whey and water, and food capsules in fistulised calves fed
by regular bucket or bucket with nipple. In those cases, where capsules of varying sizes
together with liquid feed was administered, the closing reticular groove leading to these
capsules were located in the omasum, however if the calf was not receiving liquid feeding
capsules they were placed in the reticulum. It was accepted that a capsule had passed
through the reticular groove when after one minute it was neither in rumen nor in
reticulum. Therefore, according Hegland et al®® any of the tested liquids were able to
elicit the stimulation of the reticular groove, leading to complete closure in all tested
calves during the first 6 weeks of life. They also found that the effectiveness is similar
using both methods of feeding (open bucket and bucket with nipple), while feeding
bucket-nipple lengthened the reflex in all calves up to 13 wk after birth, while drinking
directly from bucket only it was effective in the first 6 weeks of life of the calf.

To test the possible effect of whey on the reticular groove 14 dairy calves were fed with
a liquid diet®®. Experimental observations were made every two weeks, beginning at 20
wk of age up to 30 wk, and the ingestion of whey made from a bucket, proceeding to
palpation of lips of the groove through a ruminal fistula and the whey collection which
had passed to the abomasum. The difference between what had been consumed and what
had been recovered would be the amount of whey which had reached the rumino-reticular
compartment. In most animals 80% of the food was collected, except at 20 wk, which
was 53 %. The reflex of groove occurred 15 to 20 sec after ingestion. It was concluded
that the use of whey led to the closure of the reticular groove and also the continuous
ingestion of increasing amounts of whey, keeping consumption habits (schedules, dosage
form and temperature), allowed the maintenance of reflex over time, with consequent
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digestion of milk derivative to intestine. Weight gain was greater than in those animals to
whom whey was diverted into the rumen®6),

Temperature of fluids given

It has already been indicated that both water and milk at body temperature can cause to
greater or lesser extent, closure of the reticular groove. Cold water does not stimulate this
reflex®®. However for @rskov®) stimuli as temperature and feed composition, dosage
form and position of the animal are much less important on the reflex of the reticular
groove than the environment surrounding the animal or its mental state at the time of
ingestion of liquid food.

Method of administration of fluids

The mere sight of a bottle is enough to trigger the closure of the reticular groove in adult
animals, provided they have been accustomed to eating milk or liquids this way°2??, This
reflex is also present if young animals are taught to drink milk food from a bucket with a
nipple®*Y. This behaviour would be similar to that produced when an animal suckles its
mother's udder.

In 1928 it had already been observed, by using rumen fistulae, that milk flowed through
the groove to omasum and abomasum using a mechanism of nipple for feeding calves,
however when drinking directly from a bucket lots of ingested milk passed to the rumino-
reticular cavity®®. A few years later, in 1942, Wise et al®, working with 17-56 d-old
calves, also found more milk in the rumen and reticulum when they were fed using a
regular bucket (open) than when they did it with a nipple bucket, located slightly
elevated™®. In examining the effect of closure of the reticular groove in the absorption of
a combination of sulfamethoxazole-trimethoprim, using calves 6 wk of age, trained to
suck through a nipple-bucket with teat, they found that the maximum plasma
concentration and persistence sulfamethoxazole time is 7.5 times higher and 6.9 times
longer when administered by teat bucket if catheter is used®, while the trimethoprim is
only detected in plasma if calves are fed from buckets with nipple, which is justified in
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both cases by the closure of the reticular groove, with the consequent passage of drugs,
given orally, to the abomasum, resulting an increased availability of these drugs®?.

Mineral salts

Various substances have been tested to manipulate the reflex of the reticular groove in
ruminants; in some cases applied parenterally and in many others orally administered.

Copper salts

Several authors believe that oral copper salts remain the most effective method.
According to Pochon®?, after reviewing multiple researches, in ovine the most effective
is copper sulphate(®1,2529303236:38.3944) "t other salts as copper acetate and copper
chloride®®?, zinc sulphate®*? are also capable of causing the closure. In adult cattle its
effectiveness has also been proven®?, while they have not been particularly effective
when used in calves%%3) nor goats®?.

According to some authors®® copper sulphate solution at 10 % is the most potent agent
to stimulate the reticular groove reflex due to stimulation of oropharyngeal receptors in
adult sheeps. Copper sulphate at 10 % has also been employed®® to cause the closure of
the reticular groove and to study electromyographically the forestomaches motility in
adult sheep. Prior to electromyographic study, they administered a solution at 20 % of
glucose orally, before and after application of copper sulphate, and found that all the
sheep responded positively to stimulation, altering their glycaemia significantly. To
activate the reflex of groove Nicholson and Belkhiri®® used oral copper sulphate (1 g in
10 ml of water), but later inhibited the reflex with the application of clonidine.

In an attempt to test the effect of the administration of copper sulphate and cobalt sulphate
in the stimulation of the reticular groove Sargison et al®* used recently fed sheep (10 in
each group), 10 mo old, who were administered barium sulphate as a contrast medium
and polyethylene spheres impregnated with barium as solid radiopaque markers and
studied under radioscopy. However, others®? were not able to consistently stimulate the
reticular groove with copper sulphate (20 ml at 10 %, via per 0s).
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Salts of sodium

Conversely, sodium salts (chloride, sulphate, bicarbonate, acetate, etc.) appear to have a
greater effect in cattle while in sheep they are rarely effective®?5%, De Vuyst®® caused a
reflex of reticular groove closure in adult cattle with a 10 % sodium bicarbonate solution,
whereas if this solution was administered via catheter, surpassing the oral mucosa, reflex
did not occur. A similar effect was found in experimental research carried out with a 7 %
sodium sulphate solution, with a solution of 0.1 % eosin as a marker, which revealed that
any food administered afterwards passed through the reticular groove, which means the
adult ruminant high quality nutrients could pass to the abomasum through the reticular
groove, avoiding destruction by ruminal fermentation®®. Several researchers had
previously managed to close the reticular groove in cattle, with high
effectiveness(?303653),

Mikhail et al®® obtained a significant increase in glycaemia in goats by oral glucose
administration after stimulating the reticular groove with 1.5 ml of saturated NaCl
solution or 10.5 ml of 1.5 %, NaCl solution applied intravenously. The application of
sodium bicarbonate or copper sulphate in calves orally, by oesophageal catheter, fails to
stimulate the closure of the reticular groove®®, but perhaps may also be influenced by the
discomfort caused to the animal when using this method, which may result in an inability
to close the groove?. Bakker® administered solutions of hypertonic dextrose, chloride
hypertonic saline, hypertonic sodium bicarbonate and magnesium sulphate, and none of
them was able to trigger the reticular groove reflex, so he concluded that previous studies
that had encouraged closure by using various salts, especially NaCl and HCO3Na, could
not be repeated and were caused by the closure of the reticular groove as a result of
hypovolemia, rather than the closing of this structure itself.

Glucose solutions

Glucose in concentrations between 5 and 10 % may able to cause the closure of the
reticular groove®?, however Riek®® was unable to achieve this effect. The administration
of sugar solutions was not enough to stimulate the closure of the reticular groove when
were administered orally in goats®®, perhaps because the animals used in the experience
still keep the reflex of the reticular groove closure®?.
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Other salts

In 1997 and 1999 Smith et al®®>%®, found that zinc (zinc sulphate and zinc acetate) also
stimulates the reflex of reticular groove in sheep, and that this effect depends on
concentration of the zinc solution.

Vasopressin

There are many experiences in which vasopressin has been used to trigger this
effect®%26:4857) |In some cases, administration has been exogenous, in others endogenous
release in thirsty and dehydrated animals, or after intravenous administration of sodium
chloride solutions, has taken place.

Water deprivation in goats causes an increase in blood levels of vasopressin (ADH) as a
response to thirst®). Endogenous vasopressin release, after the stimulation of
osmoreceptors by hypertonic sodium chloride, is the cause of the closure of the reticular
groove and the resulting increase in blood glucose®®).

Mikhail et al®® determined the influence of thirst, administration of sodium chloride in
the common carotid artery and vasopressin in the closure of the reticular groove in adult
goats. NaCl solutions induce endogenous vasopressin secretion, responsible for the effect
on the reticular groove; water deprivation for 48 h also led to the passage of large amounts
of water to the abomasum, with hyperglycaemia if water was administered orally with
glucose®®.

Encinas et al®” studied the pharmacokinetics of a nonsteroidal anti-inflammatory,
sodium meclofenamate, used in sheep for treatment and prophylaxis of allergic diseases
and mastitis. This product was orally and intravenously administered to sheep, and
determined the influence of reticular groove closure in drug bioavailability. To stimulate
the reticular groove, they employed as a pre-treatment solution lysine-vasopressin (0.3
IU/kg iv PV) or 0.9 % NaCl iv 10 min before oral glucose (as a surrogate marker) and
sodium meclofenamate. They noted that in sheep to whom lysine-vasopressin was
administered, the reticular groove closed in all cases, whereas with 0.9 % NaCl,
stimulation only occurred in 2 of 6 sheep. Of course the plasma concentration and removal
rate of sodium meclofenamate after oral administration was influenced by the state of the
reticular groove, while differences in bioavailability between pretreatments were not
found.
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Vasopressin has also been used with positive results in adult cows with acute phosphorus
deficiency, to whom phosphate was orally administered. It was determined that the
solution was diverted into the abomasum with a faster absorption®®.

Reflex inhibition

Reflex inhibition can also be interesting in some practices with sheep. Inhibition can be
achieved administering a local anaesthetic in the oral cavity, with atropine intravenous
injections, acting at the level of the efferent pathway*2¢9 and with metoclopramide (0.2
mg/kg)®Y which act as an antagonist of dopamine through the cholinergic system.
Domperidone has a similar effect although not with the same access intensity in CNS that
metoclopramide®?. Some research®® state that norepinephrine acts on groove motility
through a cholinergic mechanism.

Nicholson and Belkhiri®® used clonidine at doses of 2 and 4 pg/kg iv in adult sheep as a
reticular groove reflex inhibitory by its agonist action to a-2 adrenoreceptor, causing
inhibition of ruminorreticular motility by acting on the CNS. Orally administered copper
sulphate was employed to enable the reflex of the reticular groove. Clonidine at doses of
2 ng/kg produced a decrease in reticular motility, complete halt during 10-50 minutes in
those animals receiving 4 pg/kg. When subsequently used a a-2 antagonist idazoxan at
0.1 mg/kg, prior to application of clonidine to prevent inhibition of the groove closure,
they observed an increase in the peak concentration of the marker used (xylose), more
significant if only idazoxan was used. Hexamethonium exerts a nodal locking effect
similar to vagotomy, avoiding the contraction of the reticular groove(%13:

Use in veterinary medicine

The ability to control this reflex is of great interest in the oral administration of various
drugs, to treat certain diseases, as well as in the more efficient use of some food resources.
There are many experimental protocols in which it has been demonstrated that treatment
with glucose solutions®64263-65  with NSAIDs such as meclofenamate and
acetaminophen®7867)  with certain antibiotics such as chloramphenicol®” or
sulfamethoxazole-trimethoprim®®, and some antiparasitic are generally ineffective due
to product degradation by ruminal microflora or, conversely because of too fast
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circulation through the rumen®-79_ |t is therefore of great interest to stimulate furrow
closure in the first case and suppressing it in the later.

No doubt the therapeutic efficacy of certain substances would considerably improve if
these products could go through the stomach directly and reach the abomasum. It has
even been postulated that the management of reticular groove could be used to obtain
higher economic returns handling cattle feed(@32942:4462),

Some researchers have made use of vasopressin at different concentrations for stimulating
the reticular groove in ruminants, facilitating the treatment of diseases such as ketosis,
diarrhoea and ovine pregnancy toxaemia®®284264) So some authors®*" obtained better
results in the treatment of diseases such as nonspecific diarrhea bovine or primary ketosis
in animals with whom vasopressin was used to stimulate the closure of the reticular
groove than in those in the control group. EI-Hamamsy et al®® and Gonzalez-Montafia et
al® used lysine-vasopressin to stimulate the closure of the reticular groove and
demonstrated the efficacy for increasing glucose following administration of a glucose
solution orally, since glucose went directly to the abomasum avoiding unwanted rumen
fermentations.

According Ranzini Rodrigues et al® performance of calves receiving a source of non-
degradable protein is, most of the time, higher than that of animals that do not receive
it>74 due to the higher flow amino acids that reach the small intestine®®. Therefore, an
effective way to avoid protein degradation as it passes through the rumen, thereby
preventing the loss of essential dietary amino acids, would be to provide protein sources
through the reticular groove.

Other authors have demonstrated the effectiveness of using the reflex of the reticular
groove in the administration of various liquid supplements in calves (milk, skim milk,
soybean bran suspension, fish meal and whey) compared to those receiving
concentrated4"). Also Standaert et al’® found increased milk production in cows that
were fed with casein through the reticular groove compared to those receiving the same
amount of protein, but in a solid form.

Conversely, in some cases a reflex inhibition of reticular groove is important from the
viewpoint of the administration of various drugs. So management of reticular groove is
particularly relevant when used in conjunction with antiparasitic“®¢", Mc Ewan and
Oakley®® attributed the failure of certain anthelmintic to the closure of the reticular
groove in calves, by reducing the time of exposure to certain parasites such as nematodes.
In calves ranging between 125 and 205 kg, the groove is still functional, that is the reason
for necropsy evidence of ruminal bypass in half the animals, and that is why antiparasitic
efficacy is reduced. The effectiveness of fenbendazole is variable against inhibition of
Ostertagia ostertagi larvae in the calf("®""),

Other antiparasitics studied by stimulating the reticular groove are benzimidazole®®),
oxfendazole®® or some coccidiostats as the medium chain fatty acids (MCFAs)("%7®),

749



Rev Mex Cienc Pecu 2019;10(3):729-755

Acknowledgements

We appreciate the assistance of Miss Anna Krutter Abilla for the linguistic revision of
this paper.

Literature Cited:

1.

10.

Sandoval JJ. Tratado de anatomia veterinaria. Tomo 1: Embriologia. 3rd ed. Ledn,
Spain: Editorial Facultad de Veterinaria de Cérdoba; 1988.

Barone R. Anatomie comparée des mammiféres domestiques. Tome 3:
Splanchnologie |, appareil digestif, appareil respiratoire. 3a ed. Paris, France:
Editions Vigot; 1984.

Nickel R, Schummer A, Seiferle E. The anatomy of the domestic animals. Vol 2:
The viscera of the domestic mammals. Berlin, Germany: Verlag Paul Parey; 1979.

International Committee on Veterinary Gross Anatomical Nomenclature
(ICVGAN). Nomina Anatomica Veterinaria (5th ed). Hannover (Germany),
Columbia, (USA), Ghent (Belgium), Sapporo (Japan): International Committee on
Veterinary Gross Anatomical Nomenclature; 2012.

Titchen DA, Newhook JC. Physiological aspects of sucking and the passage of milk
through the ruminant stomach. In: McDonald IW, Warner ACI, editors. Digestion
and metabolism in the ruminant. Armidale, Australia: University of New England
Publishing Unit Armidale; 1975:15-29.

Reid AM, Shulkes A, Titchen DA. Effects of the vagus nerves on gastric motility
and release of vasoactive intestinal polypeptide in the anaesthetized lamb. J Physiol
1988;(396):11-24.

Reid AM, Shulkes A, Titchen DA. The effects of vasoactive intestinal polypeptide
on gastric motility in the lamb. J Physiol 1988;(396):41-54.

Ruckebusch Y, Phaneuf LP, Dunlop R. Physiology of small and large animals.
Philadelphia, USA: Decker B; 1991.

Arruebo MP. Fisiologia digestiva de los rumiantes. En: Garcia-Sacristan A, et al,
editores. Fisiologia Veterinaria. Madrid, Espafia: Mc Graw-Hill-Interamericana;
1996: 599-618.

Pochon DO. Surco reticular de los rumiantes. Revision bibliogréfica. Rev Vet
2002;(12/13):34-44.

750



Rev Mex Cienc Pecu 2019;10(3):729-755

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Molinari E, Jorquera B. Periodos del desarrollo intrauterino de los compartimentos
gastricos del caprino (Capra hircus). Anat Histol Embryol 1988;17(2):121-37.

Newhook JC, Titchen DA. Effects of vagotomy, atropine, hexamethonium and
adrenaline on the destination in the stomach of liquids sucked by milk-fed lambs and
calves. J Physiol 1974;(237):415-430.

Newhook JC, Titchen DA. Cineradiography of the reticular groove mechanism. Aust
Vet J 1976;(52):132-135.

Denac M, Oertle C, Kiimin G, Eggenberger E, Scharrer E. Relaxation of muscle
strips from the reticular groove and reticulo-omasal orifice by vasoactive intestinal
peptide (VIP). Zentralbl Veterinarmed A 1990;(37):425-429.

Comline RS, Titchen DA. Reflex contraction of the oesophageal groove in young
ruminants. J Physiol Physiological Soc 1951; (115):210-226.

Schenk-Saber B, Schnorr B, Weyrauch KD. Afferent nerve endings in the
forestomach mucosa of sheep and goats. Z Mikrosk Anat Forsch Germany; 1985;
(99):773-784.

Dellmann HD, Brown EM. Textbook of veterinary histology. Philadelphia, USA:
Lea & Febiger; 1976.

Nicholson T, Belkhiri M. The inhibition of the reticular groove reflex in sheep by
clonidine. Zentralbl Veterinarmed A 1991;(38):265-270.

Scholz H. Sulla funcionalita della doccia esofagea. Atti della Soc Ital di Buiat
1995;(27):551-561.

van Weeren-Keverling BA, Kuiper R, Wensing T, Breukink HJ. The effect of
vasopressin on the closure of the reticular groove in the veal calf. J Anim Physiol
Anim Nutr 1990;(64):240-249.

Monnig HO, Quin JI. Studies on the alimentary tract of the merino sheep in South
Africa. 11. Investigations on the physiology of deglutition. Onderstepoort J Vet Sci
Anim 1933;(5):117-133.

Ruckebusch Y, Kay RNB. Sur le réflexe de fermeture de la gouttiére esophagienne.
Ann Biol Anim Biochem Biophys 1971;(11):281-282.

Ranzini Rodrigues R, de Sousa Lucci C, Mazza Rodrigues PH. Alimentagdo de
bezerros ruminantes com dieta solida ou liquida, via goteira esofageana: formacéao
da goteira e escape ruminal. Rev Bras Zootec 2002;(31):2364-2372.

Wester J. The rumination reflex in the ox. Vet J 1930;(86):401.

751



Rev Mex Cienc Pecu 2019;10(3):729-755

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Wise GH, Anderson GW, Linnerud AC. Relationship of milk intake by sucking and
by drinking to reticular-groove reactions and ingestion behavior in calves. J Dairy
Sci 1984;(67):1983-1992.

Mikhail M, Brugére H, Le Bars H, Colvin HWJ. Stimulated esophageal groove
closure in adult goats. Am J Vet Res 1988;(49):1713-1715.

Cinotti S, Gentile A. Osservazione in endoscopia ruminale nel vitello lattante:
funzionalita della doccia esofagea. Atti della Soc Ital di Buiat 1989;(21):283-286.

Gonzalez-Montafa JR, Martin MJ, Benech A, Alonso ME, Alonso AJ, Cal-Pereyra
LG. Handling the gastric groove closure in adult sheep using lysine-vasopressin.
Small Ruminant Res 2014;121:418-424.

De Vuyst A. El reflejo de la gotera esofagica. Zootecnia. 1975;24 (3-4):241-242.

Ross IC. The passage of fluids through the ruminant stomach. Aust Vet J
1931;(7):122-134.

Hedde RD, Ward GM. Strontium as an indicator of rumen by-pass efficacy. J Dairy
Sci 1973;(56):1567-1569.

Watson R. Studies on deglutition in sheep. 1. Observations on the course taken by
liquids through the stomach of the sheep at various ages from birth to maturity.
Counc Sci Ind Res Bull 1944;(180):7-94.

Chapman HW, Butler DG, Newell M. The route of liquids administered to calves by
esophageal feeder. Can J Vet Res 1986;(50):84-87.

Sargison ND, Stafford KJ, West DM. Fluoroscopic studies of the stimulatory effects
of copper sulphate and cobalt sulphate on the oesophageal groove of sheep. Small
Ruminant Res 1999;(32):61-67.

Poppi DP, Norton BW, Minson DJ, Hendricksen RE. The validity of the critical size
theory for particles leaving the rumen. J Agric Sci 1980;(94):275-280.

Lousse A, Ronsse P. Le refléxe de fermeture de la gouttiere oesophagienne. 1. Son
controle par le mesure de la glucémie apres un repas glucose. Ann Médecine
Vétérinaire 1950;94:1-14.

Encinas T, Vinagre E, Boggio JC, San Andres MD, Rodriguez C, San Andres MI.
Influence of closure of the reticular groove on the bioavailability and disposition
kinetics of meclofenamate in sheep. J Vet Pharmacol Ther 1996;(19):15-21.

Tsiamitas C, Brikas P. Forestomach motility in adult sheep when reticular groove
closure is provoked by copper sulphate solution. Ann Rech Vétér1981;(12):117-121.

Nicholson T. The xylose absorption test in sheep by activation of the reticular groove
reflex. Can J Anim Sci 1984;(64):187-188.

752



Rev Mex Cienc Pecu 2019;10(3):729-755

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mc Ewan AD, Oakley GA. Anthelmintics and closure of the oesophageal groove in
cattle. Vet Rec 1978;(102):314-325.

@rskov ER, Benzie D, Kay RN. The effects of feeding procedure on closure of the
oesophageal groove in young sheep. Br J Nutr 1970;(24):785-795.

Lateur-Rowet HIJM, Breukink HJ. The failure of the oesophageal groove reflex,
when fluids are given with an oesophageal feeder to newborn and young calves. Vet
Q 1983;(5):68-74.

Dirr L, Dirksen G. Dysfunction of the esophageal groove (“ruminal drinking”) as a
complication of neonatal diarrhea in the calf. Tierarztl Prax 1989;(17):353-358.

@rskov ER, Benzie D. Using the oesophageal groove reflex in ruminants as a means
of bypassing rumen fermentation with high-quality protein and other nutrients. Proc
Nutr Soc 1969;28:30A-31A.

@rskov ER. Condicionamiento fisiologico en los rumiantes y sus consecuencias
practicas. Rev Mund Zootec 1975;(16):31-36.

Thivend P, Vermorel D, Guilhermet R. L’utilisation du lactoserum et de ses derives
par les bovins et les ovins. Colloque des Lactoserum 1977;(18):225-243.

Guilhermet R, Mathieu CM, Toullec R. Transit des aliments liquides au niveau de la

gouttiere cesophagienne chez le veau préruminant et ruminant. Ann Zootech
1975;24:69-79.

Brugére H, Mikhail M, Le Bars H. Effet de la vasopressine sur la fermeture de la
gouttiere oesophagienne de la chevre. Bull Acad Vet Fr 1987;(60):63-68.

Hegland RB, Lambert MR, Jacobson NL, Payne LC. Effect of dietary and
managemental factors on reflex closure of the esophageal groove in the dairy calf. J
Dairy Sci 1957;(40):1107-1113.

Nishida Y, Takahashi Y, Oda K, Hayama T. The effect of reflex closure of the
esophageal groove on bioavailability of oral sulfamethoxazole-trimethoprim in
ruminating calves. J Vet Med Sci 1996;(58):397-400.

Mikhail N. La gouttiére oesophagienne chez la chevre: role de la vasopressine
[Théses Doctorat]. Paris, France: Univ. de Pierre et Marie Curie, 1982.

Scholz H, Mikhail M. Untersuchungen zur Nutzung der Schlundrinnenkontraktion
in der Behandlung innerer Erkrankungen des erwachsenen Rindes 1. Mitteilung:
Auslosbarkeit der Schlundrinnenkontraktion durch intravendse Verabreichung von
Vassopresin. Tierarztl Umsch 1987;(42):280-287.

Riek RF. The influence of sodium salts on the closure of the oesophageal groove in
calves. Aust Vet J 1954;(30):29-37.

753



Rev Mex Cienc Pecu 2019;10(3):729-755

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Bakker BJ. Influence of a high osmolality, high salt concentration, and bitter taste
on the reticular groove reflex in the adult cow [Doctoral thesis]. Utrech, Germany:
Faculty of Veterinary Medicine; 2009.

Smith BL, Reynolds GW, Embling PP. Zinc solutions and closure of the reticular
groove in sheep. N Z J Exp Agric 1977;(5):261-263.

Smith BL, Reynolds GW, Embling PP. Effect of method of oral administration of
zinc sulphate on acute zinc toxicity in the sheep. N Z J Exp Agric 1979;(7):107-110.

Nijmeijer SM, Samuriwo E, van Duin CT, Van Miert AS. Oral chloramphenicol in
dwarf goats -influence of vasopressin on its absorption and effect of diet on its
biodegradation in ruminal fluid samples. J Vet Pharmacol Ther 1990;(13):408-414.

Verney EB. The antidiuretic hormone and the factors which determine its release.
Proc R Soc London Biol Sci 1947;(135):25-106.

Scholz H, Thomsen H. Oral administration of phosphate into the abomasum: can it
rapidly overcome acute phosphorus deficiency in cattle? Tierarztl Umsch
1990;(45):714,719-722.

Newhook JC. Visual studies of the oesophageal groove in lambs and its response to
intravenous atropine. J Anat 1970;(106):199-205.

Ooms LAA, Degryse AD, Weyns A, Bouisset S, Ruckebusch Y. Drug-induced
effects on reticular groove reflex, eructation and rumination. In: Ooms LAA, et al,
editors. Physiological and pharmacological aspects of the reticulo-rumen.
Netherlands: Dordrecht; 1987:271-306.

Ruckebusch Y. Motilidad del conducto gastro-intestinal. En: Church CD, editor. El
rumiante, Fisiologia digestiva y nutricion. Zaragoza, Espafia: Acribia; 1993:69-116.

Scholz H. Utilization of the reticular groove contraction in adult cattle. A
therapeutical alternative for the practitioner? The Bovine Practitioner 1988;(23):
148-152.

El-Hamamsy HT, ElI-Neweehy TK, Abdou OM, Kubesy AA. Clinical significance
of oesophageal groove vasopressin induced-closure. Il. A new concept in the oral
glucose treatment of pregnancy toxaemia in ewes. Vet Med J Giza 1990;(38):373—
384.

Prichard RK, Hennessy DR. Effect of oesophageal groove closure on the
pharmacokinetic behaviour and efficacy of oxfendazole in sheep. Res Vet Sci
1981;(30):22-27.

Marriner S, Bogan JA. The influence of the rumen on the absorption of drugs: studies
using meclofenamic acid administered by various routes to sheep and cattle. J Vet
Pharmacol Ther 1979;(2):109-115.

754



Rev Mex Cienc Pecu 2019;10(3):729-755

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Sharifi K, Grunberg W, Soroori S, Mohri M, Ahrari-Khafi MS. Assessment of the
acetaminophen absorption test as a diagnostic tool for the evaluation of the reticular
groove reflex in lambs. Am J Vet Res 2009;(70):820-825.

Sargison ND, Stafford KJ, West DM. The effects of age, weaning, drench volume
and yarding on ruminoreticulum bypass in sheep, with reference to the anthelmintic
efficacy of benzimidazole drenches. N Z Vet J 1998;(46):20-27.

Sargison ND, Pomroy WE, Adlington BA. Ruminoreticulum bypass in goats and its
possible effect on the efficacy of oxfendazole against resistant gastrointestinal
parasites. Small Rumin Res 2000;(35):209-212.

Sato H, Nitanai A, Kurosawa T, Oikawa S. Anticoccidial efficacy of medium-chain
triglycerides (MCT) in calves. J Vet Med Sci 2004;(66):1583-1585.

Scholz H, Mikhail M, Assmus G. Untersuchungen zur Nutzung der
Schlundrinnenkontraktion in der Behandlung innerer Erkrankungen des
erwachsenen Rindes 3: Mitteilung Behandlung unspezifischer Durchfalle. Tierarztl
Umsch 1987;(42):481-4809.

Swartz LA, Heinrichs AJ, Varga GA, Muller LD. Effects of varying dietary
undegradable protein on dry matter intake, growth, and carcass composition of
Holstein calves. J Dairy Sci 1991;(74):3884-3890.

Iriki T, Adachi K, Abe M. Necessity of ruminally undegraded dietary protein in 4-5
months-old calves under the condition of low-protein intake. Anim Sci Technol
1992;(64):414-419.

Sampath KT, Prasad CS, Sundareshan K, Rao S. Effect of feeding two levels of
undegradable dietary protein (UDP) on growth and nutrient utilization in crossbred
female calves. Indian J Anim Nutr 1996;(13):1-6.

Standaert FE, Huber JT, Emery RS. Rumen bypass of nutrients through esophageal
groove closure in suckling cows. J Dairy Sci 1978;(61):187-188.

Elliott DC. The effect of fenbendazole in removing inhibited early-fourth-stage
Ostertagia ostertagi from yearling cattle. N Z Vet J 1977;(25):145-147.

Lancaster MB, Hong C. Action of fenbendazole on arrested fourth stage larvae of
Ostertagia ostertagi. Vet Rec 1977;(101):81-82.

Sato H, Karitani A. Anticoccidial versus ruminal defaunation efficacy of medium
chain triglyceride depending on delivery route in calves. J Vet Med Sci 2009;(71):
1243-1245.

755



